Background: Racial disparities exist in the accessibility, delivery, and quality of healthcare. Clinical images are central to plastic surgery, but choice of images in the literature is susceptible to implicit biases. The objective of this study was to determine if published images reflect the racial demographic of patients. Methods: A search for color photographs and rendered graphics depicting human skin was completed in 6 plastic surgery journals and the New England Journal of Medicine Images in Clinical Medicine for each decade between 1992 and 2017. For each article, images were categorized as white or nonwhite based on Fitzpatrick Scale (1-3 versus 4-6). Additionally, the authors' geographic region was documented. Proportional data and average number of nonwhite images per article were compared. Regression analyses were performed to assess the correlation of time and geographic region on nonwhite images. Results: In total, 24,209 color photographs and 1,671 color graphics were analyzed. In plastic surgery journals, 22% of photographs were nonwhite and the average number of photographs per article with white skin was 5.4 compared with 1.6 with nonwhite skin (P < 0.0001). There was a significant increase in nonwhite photographs over time (r = 0.086, P < 0.001) and association of nonwhite photographs with international authors (r = 0.12, P < 0.001). Conclusions: Roughly 60%-70% of the world population and 30% of US cosmetic patients are nonwhite. Images in plastic surgery literature reflect neither racial demographics by global region nor the patient population seeking surgery. To advance equitable care, images should better represent the racial composition of the populations served.
INTRODUCTION
Medical journals are a primary source of continuing medical education. Previous work has shown that racial and ethnic bias is ubiquitous in medical education in textbooks, Microsoft PowerPoint (Microsoft Corp., Redmond, WA, USA) slides, and simulated clinical scenarios. [1] [2] [3] [4] Furthermore, non-conscious racial and ethnic biases exist among physicians and others with doctoral degrees and may contribute to racial and ethnic healthcare disparities. 5 These biases impact patient provider communication, treatment decisions, and specific areas of patient care such as pain management. [6] [7] [8] In many specialties, there is a reliance on photographs and images to depict diagnoses, injury patterns, and interventions. In particular, plastic surgery relies heavily on the depiction of human skin for demonstration of the clinical problems treated. These photographs and images are often in color and patient skin tone is discernable. Both authors and journals drive the decision of which images are included in medical literature, and it is possible that unconscious bias affects these decisions. Previous research has shown that implicit bias can percolate into educational material, which may then be absorbed downstream by learners. 9, 10 Racial and ethnic biases are an example of implicit biases that may be unconsciously integrated into curricula. Presumably, such bias may impact the images
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chosen for publication resulting in disparate representation of race and ethnicity within the medical literature.
Medical images also likely impact the learner at both the conscious and subconscious level. In one study, exposure to an unknown face for one-tenth of a second was enough time to make judgment. 11 Medical images are the cornerstone of teaching in much of plastic surgery and have a high impact on the learner. Racially biased educational materials may limit physicians' ability to identify and treat disease in patients of color. When using imagery as a teaching tool, there is an obligation to accurately reflect the racial composition of the patient population to avoid unintentionally promoting implicit racism.
The aim of this study was to determine if published medical images reflect the racial demographic of patients seeking plastic surgery. In addition, a secondary aim was to establish if published images in plastic surgery literature accurately reflected racial demographics of the general population, both within the United States and globally. The New England Journal of Medicine (Images in Clinical Medicine) was searched as a non-plastic surgery comparison to better generalize any findings to other medical specialties.
METHODS

Journal Selection
Six leading journals in the field of plastic surgery were selected to evaluate images: Table 1 .
Data Collection
Nine researchers (D.Y.C, C.J.K, J.P.M, J.R.B, C.S.C, M.L, A.S., D.L.S, and S.D.M.) collected the data by downloading all articles from the selected journals at the selected timepoints and analyzing each in its entirety for color photographs, rendered graphics, or illustrations (excluding supplementary material). Data collection criteria were established before collection and are defined below in Categorizing Race/Ethnicity. Ten percent of the data were rechecked and <5% were recategorized. Additional data collected from each article included the authors' country of origin. Articles were assigned to 1 of 6 geographic regions based on the United Nations classification: Africa, Americas, Asia, Europe, Oceania, or "cross regional." 12 Articles were assigned the term "cross-regional" if the authors' countries of origin spanned 2 or more geographic regions. Articles were assigned the term "international" if they originated outside of the United States.
Images
Photographs and rendered graphics depicting the human form were included in this study. Images were excluded if they did not have clear depictions of skin, including mucosal surfaces, internal anatomy, or animal studies. The context of the articles was not taken into account when categorizing the figures.
Categorizing Race/Ethnicity
Race is social construct, not a biological attribute. For the purpose of this study that focuses on medical imagery, we chose to use skin tone as a proxy for race/ethnicity. Coders categorized photographs or graphics depicting human skin into either "white" (Fitzpatrick skin ratings 1-3) or "nonwhite" (Fitzpatrick skin ratings 4-6) ( Fig. 1) . 13 Although the Fitzpatrick scale is an imperfect scale for categorizing race, this has been used previously for such reasons and was a means of allowing objective categorization. 
Interrater Reliability
Interrater reliability was determined based on a collection of 22 images chosen by an individual researcher (D.Y.C) and sent to all researchers involved in data collection for image categorization. These data were then 
Statistical Analysis
Data were analyzed using Prism GraphPad (Version 7, La Jolla, CA, USA.) and IBM SPSS Statistical Software (Version 21, Armonk, NY, USA). The average number of white and nonwhite images per article was calculated and comparisons were made using a two-tailed unpaired Student's t-test. Proportional data of white versus nonwhite images were also calculated and compared per article. Univariate regression analyses comparing the average number of white and nonwhite images over time were performed. In addition, univariate regression of the proportion of nonwhite images over time was performed. Pearson's correlation coefficient (r) was reported for all univariate regression analyses. Finally, multivariable regression analysis was performed to control for the effect of both time and international articles on the publication of nonwhite images. Standardized coefficients (β) were reported for all multivariable regression analyses. For all statistical analyses, significance allowed for a type I error of α = 0.05.
RESULTS
A total of 4,100 articles were identified that had at least 1 color photograph or 1 color rendered graphic depicting human skin. Of papers analyzed, 1,456 were published from authors in the United States, while 2,644 were published from internationally based authors. A total of 24,209 individual color photographs depicting skin were analyzed, while 1,671 color rendered graphics were analyzed ( Table 1) . Interrater reliability for grading skin type was determined to have a Fleiss' Kappa coefficient of 0.65 (P < 0.001), indicating substantial agreement between raters.
Of articles reviewed, 78% of photographs (18,792 photographs) were of white skin and 22% of photographs (5,417 photographs) were of nonwhite skin (Table 1 , Fig. 2A ). In plastic surgery journals, the average number of photographs per article with white skin was 5.4 compared with 1.6 photographs with nonwhite skin (white versus nonwhite skin, P < 0.0001) (Fig. 2B) . The NEJM articles in comparison had an average of 1.3 photographs per article with white skin and 0.29 photographs per article with nonwhite skin (white vs nonwhite skin, P < 0.0001) (Fig. 2B) .
Color rendered graphics depicting human skin in plastic surgery journals were also analyzed. Ninety-five percent of graphics (1,585 graphics) were of white skin, and only 5% of graphics (86 graphics) were of nonwhite skin. The average number of white graphics per article was 0.48 compared with an average of 0.03 nonwhite graphics per article (white versus nonwhite skin, P < 0.0001) (Table 1, Fig. 2C ). Graphics in NEJM were not analyzed for comparison as NEJM did not have any published rendered graphics.
Over the last 20 years, there was an increase in the number of nonwhite photographs represented in journals. Univariate linear regression analysis of the percentage of nonwhite color photographs showed a significant increase over time in plastic surgery journals (r = 0.92, P = 0.02), compared with a non-significant increase in the percentage of nonwhite photos in the NEJM (r = 0.31, P = 0.09) (Fig. 2D) .
A large portion of nonwhite photographs in plastic surgery journals were found in papers published by international authors. US articles on average had 0.85 nonwhite photographs, whereas international articles had an average of 2.0 nonwhite photographs per article (white vs nonwhite, P < 0.0001) (Fig. 3A) . In the NEJM, there was not a significant difference in the average number of nonwhite photographs published from US versus international authors (US average = 0.31 vs international average = 0.28, P = 0.48) (Fig. 3B) . Regions with the overall highest percentage of nonwhite photographs in plastic surgery journals were articles from Asia (42%) and Africa (56%). Articles from the Americas (14%), Europe (9%), Oceania (11%), and cross-regional papers (14%) had a substantially lower percentage of nonwhite photographs (Fig. 3C) .
When controlling for both time and international articles on multivariable regression analysis, there was a significant increase in nonwhite photographs in plastic surgery journals over time (β = 0.086, P < 0.001) and a significant association of nonwhite photographs with international articles (β = 0.12, P < 0.001) ( Table 2 ). On the other hand, for photographs in NEJM, there was not a significant increase in nonwhite photographs over time (β = 0.06, P = 0.10) nor a significant association of nonwhite photographs with international articles (β = −0.041, P = 0.26) ( Table 2) .
DISCUSSION
This is the first study to examine whether racial biases exist in published surgical images in the plastic surgery literature. Plastic surgery focuses on the management and reconstruction of disease processes affecting human skin and soft tissue. Therefore, medical images reflect an important clinical decision-making tool and representation of patient outcomes. The NEJM was also searched as a comparison in an effort to generalize findings to other medical disciplines.
More than 25,000 images in the form of human photographs and rendered graphics were examined, spanning decades of medical publication. Overall, 78% of photographs depicted subjects with white skin tones (specifically Fitzpatrick skin ratings 1-3). According to estimates from the United States Census Bureau, India, Africa, and China compose about 50% of the world's population. 14 When considering other equatorial regions with similar indigenous skin tones, the world's nonwhite population likely approaches or exceeds 60%-70%. 15 Therefore, our findings suggest that the plastic surgery literature vastly overrepresents white patients at a global level. Within the United States, 23% of the population is estimated to be nonwhite. 16 Our results found that from publications originating in the Americas, only 14% of photographs were of nonwhite patients. Thus, on both an international and granular scale, the plastic surgical literature does not accurately reflect the racial demographic comprising these regions. However, the racial profile of a given world region may not match the patient demographic seeking plastic surgery. According to the American Society of Plastic Surgeons, in 2010 and 2017, 30% of cosmetic plastic surgery procedures were performed on nonwhite patients. 17, 18 In a study of trauma centers in Pennsylvania, about 15% of the overall trauma population was black. 19 Therefore, when accounting for additional reconstructive procedures that occur in large volume trauma centers, the overall nonwhite patient population undergoing plastic surgery within the United States likely is in the 20%-30% range. With 86% of photographs in the plastic surgery literature originating from the Americas depicting white patients, publishing does not reflect the racial demographic of patients undergoing plastic surgery. Therefore, images in the plastic surgery literature neither reflect racial demographics by geographic region nor the patient population seeking plastic surgery.
Trends over time do suggest that the plastic surgery literature is beginning to better reflect racial diversity. There was a statistically significant increase in the percentage of nonwhite photographs depicted in plastic surgery literature over time on both univariate and multivariate linear regression. In 2017, 25% of photographs published in plastic surgery journals were of nonwhite patients. These numbers begin to approach the 30% margin of expected nonwhite plastic surgery procedures in the United States.
In an effort to extrapolate these findings outside of the plastic surgery literature, we examined images in the NEJM. However, an inherent limitation to this study was the forum by which NEJM published clinical images in medicine. Typically, no more than 4-6 images were displayed per article, whereas it was not unusual for plastic surgery articles to portray upwards of 20 images. Therefore, comparing the average number of images per article in plastic surgery journals to NEJM is limited. Nevertheless, NEJM did display similar trends to plastic surgery journals with over 80% of all photographs depicting white skin. Unlike plastic surgery journals, there was no significant increase in nonwhite photographs over time by either univariable or multivariable linear regression. These data suggest that racial biases in medical images do not appear to be limited to the plastic surgery literature and may be pervasive throughout medical publishing.
A common theme to both plastic surgery journals and the NEJM was that studies published by authors from outside of the United States, or with cross-regional collaboration, were more likely to include nonwhite photographs. In particular, studies including authors from Africa or Asia had higher proportions of nonwhite photographs. Interestingly, even in articles originating from Africa, only 56% of photographs were of nonwhite patients.
While clinical photographs may be limited in part by the disease processes that affect certain populations, the same is not true for rendered graphics. Authors have complete control over the skin tone and implied race of rendered graphics. In this study, 95% of rendered graphics portrayed white skin. This offers an easy and particular area of future improvement for all areas of medical literature.
The work presented here has several limitations. Firstly, we made racial assumptions based on skin color using the Fitzpatrick scale, which in effect legitimizes using an arbitrary marker to define race. Skin color is but one marker of the ethnic origin of an individual; it does not accurately reflect ancestry and can be highly variably even among siblings. 20 In addition, the concepts of race, ancestry, and ethnicity are convoluted since race is a social, not a scientific, construct. The idea of "race" can be traced back to a single scientist, Samuel Morton, who measured brain volumes in the 19th century. 21 Unfortunately, Morton's "five races" would become the basis for discrimination, bigotry, and prejudice for centuries to come. Therefore, it was not our intention to distill the patients depicted in medical images down to the color of their skin to assume race and instead was a mechanism by which to show the current biases that exist in medical publishing. Although the Fitzpatrick scale is an imperfect scale for categorizing race, this has been used previously for such reasons and was a means of allowing objective categorization. 1 The larger issue at hand then becomes how to begin to discuss and dispel racial biases that percolate from a construct that has no scientific basis. The answer, in part, is that we must first recognize and acknowledge these biases. For decades, peer-reviewed academic publications have used photographs and images that inadequately portray the diversity in demographics of patients affected by particular diseases. This is particularly striking in the lack of diversity in medical illustration. These inequities in medical reporting can have lasting downstream effects on the accessibility and provision of healthcare. However, until now, there has been no discussion of these biases within our medical peerreviewed journals. To create change, there first needs to be mounting internal reflection to ensure we are not falling victim to our own biases. Only then can checks and balances be put into place to guarantee fair and equitable medical reporting.
In summary, we would emphasize that this study is not meant to criticize any journals or medical disciplines. Instead, we hope it serves as the crucible for a new era in medical publishing: one that places the onus on both authors and editors to reflect critically on the images that are chosen for publication. Skin tone does not define race. Ancestry does not define race. Race does not exist. But in our medical journals, we should strive for our images to reflect the global community which we serve. 
